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ALUMINUM/ CERAMIC BONDING SUBSTRATE 
AND METHOD FOR PRODUCING SAME 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

The present invention generally relates to an 
aluminum/ceramic bonding substrate having a ceramic 
substrate and an aluminum plate bonded to the ceramic 
substrate, and a method for producing the same. More 

10 specifically, the invention relates to an aluminum/ ceramic 
substrate used as an aluminum/ceramic insulating substrate 
for a power module having a high heat cycle resistance, 
a method for producing the same, and a power module using 
the aluminum/ceramic bonding substrate. 

15 Description of the Prior Art 

Conventionally, a copper plate is used as a metal 
circuit plate of a metal/ceramic insulating substrate for 
a power module. In recent years, in order to realize a 
higher heat cycle resistance, it has been proposed to use 

20 an aluminumplate as a metal circuit plate of a metal/ ceramic 
insulating substrate, and such a substrate has been put 
to practical use. It is guessed that the reasons why a 
high heat cycle resistance can be obtained by the use of 
an aluminum plate are as follows. Since aluminum has a 

25 lower yield stress than that of copper, aluminum enhance 
the function of relaxing thermal stress, which is caused 
on the bonding interface between a metal and a ceramic, 
by the plastic deformation of the metal itself . Therefore, 
damage to a ceramic substrate due to a heat cycle applied 

30 to a metal/ceramic bonding substrate decreases to improve 
the heat cycle resistance. 

However, it has been considered that an oxide film 
is formed on the surface of an aluminum plate to obstruct 
the bonding of the aluminum plate to a ceramic substrate, 

35 so that it is difficult to bond the aluminumplate directly 
to the ceramic substrate unless the oxide film on the surface 
of the aluminum plate is removed by a special treatment 



2 



to maintain a clean surface. 

Therefore, an aluminum plate is generally bonded 
to a ceramic substrate via an Al-Si brazing filler metal . 
As an example of such a method, there is known a method 
5 for arranging an aluminum plate on a ceramic substrate 
via an Al-Si brazing filler metal to heat them in vacuo 
to bond the aluminum plate to the ceramic substrate via 
the brazing filler metal (see, e.g., Japanese Patent 
Laid-Open No. 2001-168482) 
10 On the other hand, as a method for bonding an Si 

containing aluminum plate directly to a ceramic substrate 
without the need of any intermediate materials, such as 
a brazing filler metal, there is known a so-called eutectic 
bonding method for heating an Si containing aluminum plate 
15 and a ceramic substrate in an inert atmosphere at a 
temperature between their eutectic point and the melting 
point of aluminum to produce an Al-Si eutectic melt between 
the Si containing aluminum plate and the ceramic plate 
to bond the Si containing aluminum plate directly to the 
20 ceramic substrate (see, e.g., Japanese Patent Laid-open 
No, 52-3791) . 

There is also known a method for bonding an Al-Si 
alloy plate containing 50 wt% or less of Si directly to 
a silicon nitride (Si 3 N 4 ) substrate (see, e.g., Japanese 
25 Patent Laid-open No. 2001-168482). 

However, in the method for bonding an aluminumplate 
to a ceramic substrate via a brazing filler metal, it is 
required to carry out a brazing filler metal paste applying 
step of previously applying a paste-like brazing filler 
30 metal on the ceramic substrate or aluminum plate if the 
paste-like brazing filler metal is used, and it is required 
to carrying out a brazing filler metal foil inserting step 
of inserting a brazing filler metal foil, which is not 
a principal component of a product, when the aluminum plate 
35 and the ceramic substrate are stacked if the brazing filler 
metal foil is used, so that there are problems in that / 
the number of steps increases and costs, such as material 



costs, increase. In addition, it is required to bond them 
in a high vacuum in a vacuum furnace, and it is not possible 
to bond them in a continuous furnace, such as a belt type 
tunnel kiln, which has a high productivity, so that there 
5 is a problem in that production costs are relatively high. 
Moreover, if dissimilar elements are dispersed and mixed 
in aluminum from the brazing filler metal, the yield stress 
of aluminum generally increases to deteriorate the 
function of relaxing thermal stress of the 
10 aluminum/ceramic bonding substrate by the plastic 
deformation of aluminum, so that there is a problem in 
that the heat cycle resistance of the aluminum/ceramic 
bonding substrate deteriorates. 

The eutectic bonding method can be only used for 
15 bonding an aluminum plate to a ceramic substrate which 
produces an eutectic melt with aluminum, so that it is 
difficult to bond an Si containing aluminum to a ceramic 
which does not produce an Al-Si eutectic melt with the 
Si containing aluminum. 
20 In the method for bonding an Al-Si alloy plate to 

a silicon nitrogen substrate, if dissimilar elements, such 
as Si, are excessively mixed in aluminum, the yield stress 
of aluminum generally increase to deteriorate the function 
of relaxing thermal stress of the aluminum/ceramic bonding 
25 substrate by the plastic deformation of aluminum, so that 
there is a problem in that the heat cycle resistance of 
the aluminum/ceramic bonding substrate deteriorates. 
Therefore, the purity of aluminum is preferably high. In 
addition, the use of this method is limited since the silicon 
30 nitride (Si 3 N 4 ) substrate is expensive and has a lower heat 
sinking ability than aluminum nitride . Therefore, it is 
desired to provide a method for bonding a pure aluminum 
plate containing no dissimilar elements directly to 
aluminum nitride, which has excellent heat sink 
35 characteristics, or aluminum oxide which is inexpensive 
and easily available although its heat sink ability is 
lower than that of aluminum nitride. However, such a 



method is not known, and a brazing filler metal is used 
for bonding a pure aluminum plate to an aluminum nitride 
substrate or an aluminum oxide substrate. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention 
to eliminate the aforementioned problems and to provide 
an aluminum/ceramic substrate capable of being produced 
by bonding an aluminum member containing no dissimilar 
metals directly to a ceramic substrate, such as an aluminum 
nitride substrate or an aluminum oxide substrate, without 
the need of any brazing filler metals , amethod for producing 
the same, and a power module using the aluminum/ceramic 

bonding substrate. 

In order to accomplish the aforementioned and other 
objects, the inventors have diligently studied and found 
that it is possible to bond an aluminum member having a 
purity of 99.5 % or more directly to a ceramic substrate 
without the need of any brazing filler metals and any alloy 
components participating in bonding, by heating the 
aluminum member and the ceramic substrate at a temperature 
of 620 to 650 X; in an inert gas after causing the aluminum 
member to contact at least one side of the ceramic substrate . 
Thus, the inventors have made the present invention. 

According to one aspect of the present invention, 
there is provided a method for producing an 
aluminum/ ceramic bonding substrate, the method comprising 
the steps of: causing an aluminum member having a purity 
of 99.5 % or more to contact at least one side of a ceramic 
substrate; and heating the aluminum member and the ceramic 
substrate at a temperature of 620 to 650 <t in an inert 
gas to bond the aluminum member directly to the ceramic 
substrate . 

In this method for producing an aluminum/ceramic 
bonding substrate, the ceramic substrate is preferably 
a ceramic substrate containing aluminum nitride as a 
principal component, or a ceramic substrate containing 
alumina as a principal component. The purity of the 



aluminum member is preferably 99.9 % or more. The inert 
gas is preferably nitrogen gas. 

According to another aspect of the present 
invention, an aluminum/ceramic bonding substrate 
5 comprises: a ceramic substrate; and an aluminum member 
having a purity of 99.5 % or more, the aluminum member 
contacting at least one side of the ceramic substrate to 
be bonded directly thereto, wherein a peel strength between 
the aluminum member and the ceramic substrate is 4 9 N/cm 
10 or more. 

In this aluminum/ceramic bonding substrate, the 
ceramic substrate is preferably a ceramic substrate 
containing aluminum nitride as a principal component, or 
a ceramic substrate containing alumina as a principal 
15 component . The purity of the aluminummember is preferably 
99,9 % or more . 

According to a further aspect of the present 
invention, a power module uses the above described 
aluminum/ceramic bonding substrate. 
20 BRIEF DESCRIPTION OF THE DRAWING 

The present invention will be under stood more fully 
from the detailed description given herebelow and from 
the accompanying drawing of the preferred embodiments of 
the invention. However, the drawing is not intended to 
25 imply limitation of the invention to a specific embodiment, 
but are for explanation and understanding only. 

Figure is a sectional view showing a step of bonding 
an aluminum plate directly to a ceramic substrate by a 
method for producing an aluminum/ceramicbonding substrate 
30 according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In a preferred embodiment of a method for producing 
an aluminum/ ceramic bonding substrate according to the 
present invention, a pure aluminum plate can be bonded 
35 directly to a ceramic substrate, such as an aluminum nitride 
(A1N) substrate or an alumina (A1 2 0 3 )' substrate without 
the need of any brazing filler metals, by heating them 



at a temperature of 620 tc 650 °C in nitrogen gas. 

In this method, it is possible to produce the bonding 
substrate in a continuous furnace having a high 
productivity since it is not required to apply a high 
5 pressure and since it is not required to use a vacuum furnace . 
It is also possible to simplify steps since it is not 
required to carry out a brazing filler metal paste applying 
step or a brazing filler metal foil inserting step. 

The reasons why the bonding temperature is set to 
10 be in the range of from 620 °C to 650 are that, if the 
temperature is lower than 620 'C, it takes a lot of time 
to deteriorate productivity, and if the temperature is 
higher than 650 t , the aluminum plate nitrides to produce 
an aluminum/ ceramic bonding substrate having low electric 
15 and thermal characteristics. 

Although it is not required to press the aluminum 
plate on the ceramic substrate when the aluminum plate 
is bonded to the ceramic substrate, it is possible to more 
strongly bond the aluminum plate to the ceramic substrate 
20 if a very low pressure of about 1000 Pa or less is applied. 

Although a good aluminum/ceramic bonding substrate 
can be obtained if the purity of the aluminum member is 
99.5 % or more , the purity of aluminum is preferably higher 
in order to ensure a higher heat cycle resistance. 
25 As the heating system, an open type nitrogen 

atmosphere furnace can be used. Specifically, a belt type 
tunnel kiln can be used for continuously producing 
aluminum/ceramic bonding substrates . 

After assembling steps, such as the soldering of 
30 semiconductor chips, terminals and a heat sink plate, the 
wire bonding of aluminum wires, and the mounting of a resin 
package, on an aluminum/ ceramic bonding substrate produced 
by a preferred embodiment of a producing method according 
to the present invention, it is possible to produce an 
35 inexpensive, reliable power module. 

Although the mechanism of the bonding of the 
aluminum plate to the ceramic substrate in the 
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aluminum/ceramic bonding substrate according to the 
present invention is not clear, it is considered thai: a 
very small amount of N (nitrogen) on the bonding interface 
may participate in bonding unlike conventional mechanisms 
5 wherein an additional element , such as silicon, is utilized 
or bonding is carried out in a high vacuum in order to 
remove oxidation on the surface of aluminum. 

Examples of aluminum/ ceramic bonding substrates 
and methods for producing the same according to the present 
10 invention will be described below in detail. 
Example 1 

As shown in figure, a ceramic substrate 10 of 
aluminum nitride (A1N) having a size of 40 mm x 40 mm x 
0.635 mm, and aluminum plates 12 having a purity of 99.9 % 

15 and a size of 40 mm x 40 mm x 0.4 mm have been prepared. 
After the aluminum plates 12 were arranged on both sides 
of the ceramic substrate 10, spacers 14 of A1N, on which 
a mold releasing agent (BN) for preventing bonding was 
applied, were arranged on both sides thereof, and a 

20 stainless weight having a weight of 120 g was arranged 
on the top thereof . The members thus stacked are fed into 
a belt type tunnel kiln in an atmosphere of nitrogen gas 
flowing at a flow rate of 5 L/min. The temperature inn 
the tunnel kiln was raised to a bonding temperature of 

25 620 °C in one hour. After the temperature was held for 
two hours to heat the stacked members, the temperature 
was decreased to 20 *C in two hours to cool the stacked 
members for about five hours to obtain an aluminum/ceramic 
bonding substrate having the aluminum plates bonded to 

30 both sides of the ceramic substrate. 

The bonding strength (peel strength) of the 
aluminum/ceramic bonding substrate thus obtained was 
measured. As a result/ the peel strength was higher than 
200 N/cm, which was a sufficiently high bonding strength 

35 for a power module. 

After the aluminum/ceramic bonding substrate 
obtained in this example was caused to pass through a ref low 
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furnace in a non-oxidizing atmosphere at a temperature 
of 380 it was verified whether abnormalities, such as 
the peeling of the aluminum plate and the occurrence of 
cracks in the ceramic substrate, were caused. This furnace 
5 passing treatment was repeated to evaluate a heat cycle 
resistance by the number of furnace passing treatments 
when no abnormalities were caused. As a result, in the 
aluminum/ceramic bonding substrate produced in this 
example, the peeling of the aluminum plate and the 

10 occurrence of cracks were not caused after five furnace 
passing treatments, so that no abnormalities were caused. 
Examples 2-4 

Aluminum/ceramic bonding substrates were obtained 
by the same method as that in Example 1, except that the 

15 heating temperature was 630 ^ (Example2), 640 C C (Example 
3) and 650 *C (Example 4) . 

• The peel strength of each of the aluminum/ceramic 
bonding substrates thus obtained was measured. As a result, 
the peel strength was higher than 200 N/cm, which was a 

20 sufficiently high bonding strength for a power module. 
The same furnace passing treatments as those in Example 
1 were carried out , As a result , in anyone of these examples , 
the peeling of the aluminum plate and the occurrence of 
cracks were not caused after five furnace passing 

25 treatments, so that no abnormalities were caused. 
Examples 5-8 

Aluminum/ceramic bonding substrates were obtained 
by the same methods as those in Examples 1 through 4, except 
that analumina substrate was usedas the ceramic substrate . 

30 The peel strength of each of the aluminum/ceramic 

bonding substrates thus obtained was measured. As a result, 
the peel strength was higher than 200 N/cm, which was a 
sufficiently high bonding strength for a power module. 
The same furnace passing treatments as those in Example 

35 1 were carried out . As a result, in anyone of these examples, 
the peeling of the aluminum plate and the occurrence of 
cracks were not caused after five furnace passing 
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treatments, so that no abnormalities were caused. 
Example 9 

An aluminum/ceramic bonding substrate was obtained 
by the same method as that in Examples 3, except that the 
5 purity of aluminum of the aluminum plate was 99.5 %. 

The peel strength of the aluminum/ceramic bonding 
substrate thus obtained was measured. As a result, the 
peel strength was higher than 200 N/cm, which was a 
sufficiently high bonding strength for a power module. 
10 The same furnace passing treatments as those in Example 
1 were carried out . As a result, the peeling of the aluminum 
plate and the occurrence of cracks were not caused after 
five furnace passing treatments, so that no abnormalities 
were caused. 
15 Example 10 

An aluminum/ceramic bonding substrate was obtained 
by the same method as that in Examples 3, except that the 
purity of aluminum of the aluminum plate was 99.5 %. 

The peel strength of the aluminum/ ceramic bonding 
20 substrate thus obtained was measured. As a result, the 
peel strength was higher than 200 N/cm, which was a 
sufficiently high bonding strength for a power module. 
The same furnace passing treatments as those in Example 
1 were carried out. As a result, the peeling of the aluminum 
25 plate and the occurrence of cracks were not caused after 
five furnace passing treatments, so that no abnormalities 
were caused. 
Comparative Example 1 

An aluminum/ ceramic bonding substrate was obtained 
30 by the same method as that in Example 3, except that a 
brazing filler metal paste having a composition of Al-0 . 5 
wt% Si was applied on both sides of a ceramic substrate 
to be dried, and thereafter, aluminum plates were arranged 
thereon to be heated in a vacuum furnace. In this 
35 comparative example, the total time required to carry out 
heating and cooling was 20 hours. 

The peel strength of the aluminum/ ceramic bonding 
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substrate thus obtained was measured. As a result, the 
peel strength was higher than 200 N/cm, which was a 
sufficiently high bonding strength for a power module. 
The same furnace passing treatments as those in Example 
5 1 were carriedout . Asaresult, the peeling of the aluminum 
plate and the occurrence of cracks were not caused after 
five furnace passing treatments, so that no abnormalities 
were caused. 
Comparative Example 2 
10 An aluminum/ceramic bonding substrate was obtained 

by the same method as that in Example 7, except that a 
brazing filler metal paste having a composition of Al-0 . 5 
wt% Si was applied on both sides of a ceramic substrate 
to be dried, and thereafter, aluminum plates were arranged 
15 thereon to be heated in a vacuum furnace. In this 
comparative example, the total time required to carry out 
heating and cooling was 20 hours. 

The peel strength of the aluminum/ ceramic bonding 
substrate thus obtained was measured. As a result, the 
20 peel strength was higher than 200 N/cm, which was a 
sufficiently high bonding strength for a power module. 
The same furnace passing treatments as those in Example 
1 were carriedout. As aresult, thepeelingof the aluminum 
plate and the occurrence of cracks were not caused after 
25 five furnace passing treatments, so that no abnormalities 
were caused. 

Comparing Examples 1 through 10 with Comparative 
Examples 1 and 2, it can be seen that the aluminum/ceramic 
bonding substrate obtained by bonding the aluminum plate 
30 directly to the ceramic substrate in any one of Examples 
1 through 10 has the same characteristics as those of the 
aluminum/ceramic bonding substrate by bonding the aluminum 
plate to the ceramic substrate via the brazing filler metal 
in Comparative Example 1 or 2 . In addition, the time 
35 required to produce the aluminum/ceramic bonding substrate 
by bonding the aluminum plate directly to the ceramic 
substrate in any one of Examples 1 through 10 was about 
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one-fourth the time required to produce the 
aluminum/ceramic bonding substrate by bonding the aluminum 
plate to the ceramic substrate via the brazing filler metal 
in Comparative Example 1 or 2. While the heat cycle 
5 resistance test was completed after five furnace passing 
treatments, the hardness (strength) deteriorates to 
enhance the heat cycle resistance if the purity of aluminum 
increases . 

The results of Examples 1 through 10 and Comparative 
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Examples 1 and 


2 are 


shown in 


the following 


table . 
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Brazing 






Bonding 


15 






Purity 


Filler 






Strength 






Ceramic 


of Al 


Metal 


Atm. 


Temp . 


(N/cm) 




Ex.1 


A1N 


99.9% 


none 


N 2 


620X: 


>200 




Ex. 2 


A1N 


99,9% 


none 


N 2 


630^ 


>200 




Ex . 3 


A1N 


99.9% 


none 


Nf 2 


640t 


>200 


20 


Ex. 4 


A1N 


99.9% 


none 


N 2 


65QX: 


>200 




Ex. 5 


A1 2 0 3 


99.9% 


none 


N 2 


620X: 


>200 




Ex. 6 


AI2O3 


99.9% 


none 


N 2 


630^ 


>200 




Ex.7 


AI2O3 


99.9% 


none 


N 2 


640<C 


>200 




Ex. 8 


AI2O3 


99.9% 


none 


N 2 


esox: 


>200 


25 


Ex. 9 


AI2O3 


99.5% 


none 


N 2 


640<C 


>200 




Ex. 10 


A1 2 0 3 


99.5% 


none 


N 2 


640t 


>200 




Comp . 


1 A1N 


99.9% 


Al-Si 


Vacuum 


640«C 


>200 




Comp . 


2 . AI2O3 


99.9% 


Al-Si 


Vacuum 


640X: 


>200 



30 As described above, according to the present 

invention, an aluminum member having a purity of 99.5 % 
or more is caused to contact at least one side of a ceramic 
substrate, such as an aluminum nitride substrate or an 
aluminum oxide substrate, to be heated in an inert gas 

35 at a temperature of 620 to 650 tl, so that the aluminum 
member can be bonded directly to the ceramic substrate 
without the need of any brazing filler metals even if an 
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eutecticmelt, such as Al-Si eutectic melt , is not produced . 
in addition, an aluminum/ceramic bonding substrata having 
characteristics necessary for usual power modules can be 
produced at a low cost and at a high productivity. 

Moreover, since the aluminum including no 
additional elements can be bonded to the ceramic substrate 
without the needof any brazing f illermetals , it is possible 
to produce an aluminum/ ceramic bonding substrate which 
can maintain the purity of aluminum to prevent the yield 
stress of aluminum from increasing after bonding and which 
can meet the demands for severer heat cycle resistance 
in future. 

While the present invention has been disclosed xn 
terms of the preferred embodiment in order to facilitate 
better understanding thereof, it should be appreciated 
that the invention can be embodied in various ways without 
departing fromthe principle of the invention. Therefore, 
the invention should be understood to include all possible 
embodiments and modification to the shown embodiments 
which can be embodied without departing from the principle 
of the invention as set forth in the appended claims. 



